Abstract -Cytogenetic analyses (Giemsa staining and NOR -banding) were performed on South American species of Amphisbaenidae. Leposternon microcephalum (2n = 34), Amphisbaena darwini heterozonata(2n = 30), A. hiata (2n = 30) and A. mertensi (2n = 40) from different localities of Argentina were examined. The comparative cytogenetic analysis indicates that the four species might be distinguished by the NORs locations.
INTRODUCTION
The amphisbaenians are widely distributed reptiles specialized for a subterranean way of life. Members of Amphisbaenia occur in Africa, Europe, Middle East and America (Gans 1978) . The phylogenetic position of amphisbaenians and their relationship with lizards and snakes are under debate.
Few studies have been made on amphisbaenians karyotypes. Standard karyotypes were established for about 30 amphisbaenians out of the 135 known species (Gans 1978; Olmo 1986) . The chromosome data available show interespecific variation without generic or familial pattern levels and do not include banding patterns.
The diploid numbers of amphisbaenians range from 2n = 26 to 2n = 50 chromosomes and the fundamental numbers vary from 42 to 72 (Huang et al. 1967; Huang & Gans 1971) . The most common karyotype found in the Old World forms is formed by 12 biarmed macrochromosomes and 7 to 12 pairs of microchromosomes. The African and New World species exhibit greater diversity with higher diploid numbers and many acrocentric macrochromosomes derived from centric fissions (Huang et al. 1967; Huang & Gans 1971; Olmo 1986) .
In this paper, I analyzed the chromosomes from the South American amphisbaenians Leposternon microcephalum, Amphisbanea darwini heterozonata, A. mertensi and A. hiata after Giemsa staining and AgNOR banding. My results are compared with previously described karyotypes of L. microcephalum and A. darwini heterozonata. Data obtained on amphisbaenians by silver staining is given for the first time.
MATERIALS AND METHODS
Cytogenetic analyses were performed on 4 specimens of Leposternon microcephalum, 7 specimens of Amphisbaena darwini heterozonata, 2 specimens of A. hiata and 2 specimens of A. mertensi from different localities of north-west Argentina.
The localities and museum catalog numbers of the samples are given in Table I . Voucher specimens were deposited in the Herpetological Collection of the Universidad Nacional del Nordeste (UNNEC), Corrientes (Argentina).
Chromosomes were obtained from intestinal epithelium by conventional squash techniques. The slides were stained in a phosphate buffered 5% Giemsa solution. Nucleolar organizer regions (NORs) were visualized according to Howell & Black (1980) .
RESULTS
Leposternon microcephalum. The karyotype showed 2n = 34 (12 M + 22 m) with 6 pairs of metacentric and submetacentric macrochromosomes and 11 pairs of acrocentric microchromosomes ( Fig. 1 a) . Silver staining revealed AgNORs in the telomeric regions of macrochromosome pair 3 (Fig. 2 a) .
Amphisbaena hiata was characterized by 2n = 30 (12 M + 18 m). Chromosomes were arranged into 6 pairs of metacentric and submetacentric macrochromosomes and 9 pairs of biarmed microchormosomes (Fig. 1 b) . The nucleolar organizing region was identified in subterminal position of the macrochromosomes assigned as pair 4. The positive silver was of remarkable size (Fig. 2 b) .
Amphisbaena darwini heterozonata. The analyzed specimens presented 2n = 30 (12 M + 18 m). The karyotype exhibited 6 pairs of metacentric and submetacentric macrochromosomes and 9 pairs of biarmed microchormosomes (Fig. 1 c) . One specimen showed the NOR-bearing chromosome pair 2 identified in all 32 metaphases examined (Fig. 2 c) . The NORs were multiple in five other specimens. In 83 cells active NORs ranging from two to six involving macrochromosomes pairs 1, 3 and 4 (Fig. 2 d-e) .
Amphisbaena mertensi. The diploid chromosome number was 2n = 40 (18 M + 22 m). The karyotype comprised 3 pairs of biarmed macrochromosomes, 6 pairs of acrocentric macrochromosomes and 11 pairs of microchromosomes, the majority being acrocentric (Fig. 1 d) . Ag-NORs were located in the telomeric regions of a medium-size acrocentric macrochromosome pair (Fig. 2 f) . No chromosomal heteromorphism was observed among sexes in these species.
DISCUSSION
To date, the karyotypes of 19 % of amphisbaenians are known. Cytogenetic analyses includes conventional staining only.
The diploid number of Amphisbaena darwini heterozonata (2n = 30) and L. microcephalum (2n = 34), as determined in this study, are in agreement with previously published data (Huang et al. 1967) .
A. darwini heterozonata, A. hiata and L. microcephalum had a karyotype with 12 biarmed macrochromosomes and 18 or 22 microchromosomes. This is the most common formula in the Old World forms and is considered as the primitive pattern (Huang & Gans 1971) . In New World and African amphisbaenians found karyotypes are considered derived with diploid number ranging from 38 to 50. Amphisbaena is a genus that exhibits a karyotypic variation as great as that within the amphisbaenian group (Gans 1978 (Huang et al. 1967; Huang & Gans 1971) . A. dubia (2n = 25 -28) also shows significant polymorphism (Becak et al. 1972) . In this context, the karyotype of A. mertensi (2n = 40; 18 M + 22 m) consisting of 6 meta-to submetacentric and 12 telocentric macrochromosomes might represent an apomorphic karyotype state involving centric fission.
It was pointed out that the location of NORs on metaphase chromosomes provides important systematic information in other clades of squamates (Odierna et al. 1987; Porter et al. 1991 Porter et al. , 1994 Pellegrino et al. 1994; Camper & Hanks 1995) . The comparative data concerning the four amphisbaenians species analyzed in this study have revealed variability in number and location of the nucleolus organizing regions.
In Leposternon microcephalum and A. mertensi silver staining detected only one NOR-bearing macrochromosome pair, on chromosome pair 3 and on an acrocentric macrochromosomes pair respectively. In spite of the similarities refering to the chromosome number and morphology, differences concerning the NORs were verified among A. hiata and A. darwini heterozonata. Whereas the former species showed a single pair of NOR-bearing macrochromosome in A. darwini heterozonata multiple active NORs on the macrochromosomes pair 1, 3 and 4 have been observed. The occurrence of more than one NOR-bearing chromo- some pair is uncommon in reptiles but was described in the microteiid lizards lineage (Yonenaga-Yassuda et al. 1996; Yonenaga-Yassuda & Rodrigues 1999) The NOR staining technique was valuable to demonstrate that karyotype uniformity in amphisbaenians species is limited to conventional staining studies. Comparative analyses based on the number and the positions of active NORs served as markers for cytogenetically identifying species. More data about this chromosome marker in amphisbaenids are still necessary to establish an evolutionary pattern.
